iHiiiiiniiiiiiiiiiiii 



United States Patent [wj 

Inoue 



US006140850A 

[ii] Patent Number: 
[45] Date of Patent: 



6,140,850 
Oct. 31, 2000 



[54] SERIAL BUS SPEED-UP CIRCUIT 

[75] Inventor: Naoyuki Inoue, Kawasaki, Japan 

[73] Assignee: Fujitsu Limited, Kawasaki, Japan 

[21] Appl. No.: 09/166,587 

[22] Filed: Oct. 6, 1998 

[30] Foreign Application Priority Data 



Mar. 2, 1998 [JP] Japan 10-049719 

[51] Int. CI. 7 H03K 5/13 

[52] U.S. CI 327/141; 327/145 

[58] Field of Search 327/141, 145, 



327/165, 166; 326/30, 34; 375/362, 364, 

368 

[56] References Cited 

U.S. PATENT DOCUMENTS 

5,557,648 9/1996 Ishihara 375/376 

5,740,210 4/1998 Rokugawa 375/362 



FOREIGN PATENT DOCUMENTS 
63-81556 4/1988 Japan . 

Primary Examiner — -Tuan T. Lam 

Attorney, Agent, or Firm — Armstrong, Westerman, Hattori 
McLeland & Naughton 

[57] ABSTRACT 

A serial bus speed-up circuit includes a data pattern detect- 
ing unit for detecting whether or not the data output from 
one of the devices to the serial bus consecutively takes the 
same value, and a clock frequency varying unit for increas- 
ing a frequency of the clock output to the serial bus when the 
data pattern detecting unit detects that the data consecutively 
takes the same value. By utilizing the fact that the valid 
delay time and the transition time of the data can be omitted 
in a case where there is no change in the data value, it is 
possible to increase the clock frequency and accordingly, 
increase the data transfer rate. 

7 Claims, 8 Drawing Sheets 
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SERIAL BUS SPEED-UP CIRCUIT clock period on the bus on the assumption that data flight 

time and transition time are equal to zero, and it is impos- 

BACKGROUND OF THE INVENTION sible to further increase the data transfer rate. 

rj, .... 11 , . . , , FIG. 2(B) shows the set up time, the valid delay time, and 

The present invention generally relates to serial bus r t t *u a * *u , * *l i i Z 

, r . & - , , 5 a transition time of the data, with respect to the clock shown 

speed-up circuits, and more particularly to a serial bus in FIG 2(A) 

speed-up circuit which increases a data transfer rate of a , t ^^^^ t0 reduce the resistance of the pull-up 

serial bus 

resistor R in order to increase the data transfer rate, but this 

Conventionally, serial buses such as I C, Access Bus and wou ld result in problems such as increased power consump- 

SM Bus make data transfers using a small number of signal 10 t ion and increased sink current of the transceiver 16 of each 

lines, by transmitting a clock and a data using 2 signal lines. device. 

In such a serial bus, each drive employs an open-collector i n the bus system proposed in the Japanese Laid-Open 

drive output system and a wired-OR connection system, so Patent Application No. 63-81556, the distances among each 

that a plurality of devices can be connected to the serial bus. 0 f t h e devices connected to the bus are known in advance, 

FIGS. 1A and IB are block diagrams showing an example is and a high-frequency clock is used when the distance 

of a serial bus circuit. In FIG. 1A, devices 12 a through 12^ between the devices transferring the data is short, and a 

are connected to a signal line 10 of a serial bus. The signal low-frequency clock is used when the distance between the 

line 10 is connected to a power supply Vcc via a pull-up devices transferring the data is long. In other words, the 

resistor R, and the data or the clock is transferred using this clock frequency used for the data transfer between two 

signal line 10. In each of the devices 12 A through 12^, a 20 devices is fixed in advance. For this reason, there is a 

transceiver 16 shown in FIG. IB uses an open-collector problem in that it is difficult and troublesome to cope with 

transistor, and a collector of an output transistor is connected a modification of the system such as an addition of a device 

to the signal line 10 by a wired-OR connection. In addition, connected to the bus and a change in a position where the 

each of the devices X2 X through 12^ has a receiver 14 which device is connected to the bus. In addition, there is a problem 

is connected to the signal line 10. In each of the devices 12 x 25 in that it is impossible to increase the data transfer rate 

through 12^, the transceiver 16 and the receiver 14 are depending on a pattern of the data to be transferred, 
connected to a function part 18. 

One of the devices 12, through 12„ in which a data SUMMARY OF THE INVENTION 

transfer request is generated sets a clock signal line of the Accordingly, it is a general object of the present invention 

serial bus to a low level, and transmits to a data signal line 30 l0 prov ide a novel and useful serial bus speed-up circuit in 

of the serial bus a data shown in FIG. 2(B) in synchronism wmch me pro blems described above are eliminated. 

with a clock shown in FIG. 2(A). Another one of the devices A , G u * . **l 

. . . . . * , • .i Another and more specific object of the present invention 

I risto °£ir [ of W the C clock 1VCS " '° pr ° vide * **** bUS Speed - U P cirCuk W ^ h C3D inCT6aS6 

a rising timing o t e c oc 35 tne data transfer rate in view of the above problems, by 

Conventionally, there is a bus system which varies a clock varying the clock or the resistance connected to the serial 

frequency in order to increase the data transfer rate of the DUS depending on the pattern of the data to be transferred 

bus. For example, a Japanese Laid-Open Patent Application using the serial bus 

No. 63-81556 proposes a bus system provided with a bus Stffl anQther object of the ( inveDtion fa (0 We 

which is connected to a plurality of devices, a variable , ^ bus d circuj , fof , daU transfer 

period clock generating means for supplying to each of the ra(c f ^ bus wfcfch ^ ^ , f devices 

devices, as a common clock which restricts trarsm.ss.on and an(J d>(> ^ Jn / clock usi 

reception timings of the data transferred via the bus, a clock ^ si , , ; J £ u „ em detectin means & 

signal having « period which dynamically changes during detec(i whelher Qr no( (he da(a , frQm Qm of ^ 

operation of the bus, and a selecting means for se ec .ng the devices f Q ^ ^ ^ ^ the same value> 

period of the clock signal to be used for each data transfer , , „ • ^ ' ■ ■ n fM 

r j- . r i - and clock frequency varying means tor increasing a rre- 

operation depending on a data transfer operation condition. * «l 1 t • * . »u • 1 u u ■ j j . 

r r & quency of the clock output to the serial bus when said data 

In the serial bus described above, when the signal such as pattern detecting means detects that the data consecutively 

the data and the clock makes a transition from a low-level the same value. According to the serial bus speed-up 

state to a high-level state, the signal rising time depends 5Q circuit of the present invention, when it is detected that the 

upon the resistance of the pull-up resistor R. In other words, data output to me serial bus from the device consecutively 

if a total capacitance of a stray capacitance of the signal line takes tne same value> tne frequency of the clock output to the 

10 and input/output capacitances of the devices 12 a through serial bus is increased so as to increase the data transfer rate, 

12„ connected to the signal line 10 is denoted by C and the by utilizing the fact that the valid delay time and the 

resistance of the pull-up resistor R is denoted by R, a level 55 transition time of the data can be omitted when the data 

V of the signal when the signal makes the transition from the value does not change 

tow-level state to the high-level state can be described by the A objec , of , he invemion b tQ Me a 

following formula, where t denotes the time. ^ bus spcod . up circuit fof increasing , data transfcf rate 

v-v C c(i-exp(-//C R)) °f a ^rial bus which is coupled to a plurality of devices and 

60 transmits data serially in synchronism with a clock using 

The input of the data is started with respect to the edge of two signal lines, comprising data transition detecting means 

the clock, and at the receiving end, it is necessary to for detecting whether or not the data output from one of the 

guarantee a sufficient set up time of the data with respect to devices to the serial bus makes a transition, and element 

the edge of the clock. On the other hand, at the transmitting constant varying means for varying an element constant of 

end, the data output is prescribed by a valid delay time from 65 a circuit element which sets the serial bus transmitting the 

the edge of the clock. Hence, at least a sum of the valid delay data to a predetermined level when said data transition 

time and the set up time becomes a minimum value of the detecting means detects the transition of the data. According 
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to the serial bus speed-up circuit of the present invention, by clock has a predetermined frequency equal to a higher data 

varying the element constant of the circuit element which transfer rate output to bus. The clock is supplied to a clock 

sets the serial bus through which the data is transmitted to input terminal of the D-type flip-flop 36 and an AND circuit 

the predetermined level when it is detected that the data 40 * M inverted output of the D-type flip-flop 36 is fed back 

output to the serial bus makes a transition, it is possible to 5 t0 * ^ ta terminal of the D-type flip-flop 36, thereby forming 

reduce the transition time of the data and to increase the data a \ frequency-dividing circuit ^(T-type flip-flop). Tne clock 

transfer rate 15 tnere ^ ore frequency-divided by Vi and supplied to an AND 

circuit 38. 

Otherobjects and further featuresof the present invention ^ Qut t si al of the exclusive . 0R circuit 30 is 

will be apparent from the following detailed description Hed t0 a terminal 42 ^ si { from tQe terminal 42 ^ 

when read m conjunction with the accompanying drawings. 10 suppHed tQ lhe ^ cifCuit ^ and fe a]so inverted and 

BRIEF DESCRIPTION OF THE DRAWINGS supphed to the AND circuit 38. Output signals of the AND 

circuits 38 and 40 are supphed to an OR circuit 44, and an 

FIGS. lAand IB are block diagrams showing an example 0Ut P ut si g nal of tne 0R circuit 44 is output from a terminal 

of a serial bus circuit; 46. Hence, when the output signal of the exclusive-OR 

FIGS. 2(A) and 2(B) are timing charts showing a clock 15 « reuit 30 * as ■ ^ u «°: «■? c i° ck fr ° m l fl he t «™ in f 1 34 is 

and a data on a serial bus; frequency-divided by % in the D-type flip-flop 36 and output 

n ^ . . „ , ,. - from the terminal 46. On the other hand, when the output 

FIG 3 is a circuit diagram showing a first embodiment of si , of lhe cxclusive . 0 R circuit 30 has a value 1, the clock 

a serial bus speed-up circuit according to the present inven- from the terminal 34 ^ output as it ^ from the terminal 46> 

tl0n » 20 The 30 terminal 46 of the frequency varying circuit 32 is 

FIG. 4 is a block diagram showing a first embodiment of connected to a clock signal line of the serial bus. 

a frequency varying circuit of the serial bus speed-up circuit Accordingly, the above described clock is transmitted to the 

according to the present invention; serial bus, and is supplied to the transmission buffer 24 and 

FIGS. 5(A) and 5(B) are timing charts showing a clock the latch circuit 28. 

and a data output from the circuit of the present invention 2 s FIGS. 5(A) and 5(B) are timing charts showing the clock 

shown in FIG. 3; and the data output from the circuit shown in FIG. 3. 

FIG. 6 is a block diagram showing a second embodiment Because consecutive data D-l and D-2 shown in FIG. 5(B) 

of the frequency varying circuit of the serial bus speed-up consecutively take the same value, the corresponding clock 

circuit according to the present invention; shown in FIG. 5(A) is not frequency-divided and has a high 

FIG. 7 is a circuit diagram showing a second embodiment 30 fre <i uenc y- However, data D-0, D-3 and D-4 do not con- 

of the serial bus speed-up circuit according to the present secutively take the same value and the corresponding clock 

invention- and 15 frequency-divided by Vi and has a low frequency. 

ripn e /A x , c/r »x _ • , , 0 . „ • , . Therefore, when it is detected that the data output from 

FIGS 8(A) and 8(B) are timing charts showing a clock {h& ^ bus takes me same 

and a data output from the circuit of the present invention ^ the fact ^ ^ yiM ^ ^ ^ ^ tfansition 

s own in . . 35 time ofthe data can be omitted in a case where the data value 

DESCRIPTION OF THE PREFERRED c ^ oes not cnan S e ^ utilized, and the frequency of the clock 

EMBODIMENTS output to the serial bus is increased so as to increase the data 

transfer rate, 

FIG. 3 is a circuit diagram showing a first embodiment of FIG. 6 is a block diagram showing a second embodiment 
a serial bus speed-up circuit according to the present inven- 40 of the frequency varying circuit 32. In FIG. 6, the frequency 
tion. In FIG. 3, a device 20 is connected to signal lines of a varying circuit 32 receives a clock from a terminal 54. This 
serial bus, and a data output from a function part 22 of this clock has a predetermined frequency equal to the lower data 
device 20 to the serial bus is supplied to a transmission transfer rate output to bus. The clock is supplied to a PLL 
buffer 24. The transmission buffer 24 is made up of a FIFO (phase locked loop) circuit 56 and an AND circuit 60. The 
(First-In-First-Out). The data output from a final stage ofthe 45 PLL circuit 56 frequency-multiplies the clock having the 
transmission buffer 24 is supplied to a transceiver 26. For 2-bit period from the terminal 54 by 2 and generates a clock 
example, the transceiver 26 is made up of an open-collector having a frequency equal to a 1-bit period of the data output 
npn transistor having a base which receives the data from the from the function part 22. The clock is therefore frequency- 
transmission buffer 24, a collector connected to a data signal multiplied by 2 and supplied to an AND circuit 58. 
line of the serial bus for transferring the data, and an emitter 5Q yhe output s i gna i 0 f tne exclusive-OR circuit 30 is 
which is grounded. supplied to a terminal 62. The signal from the terminal 42 is 

On the other hand, the data output from a stage prior to the supplied to the AND circuit 58, and is also inverted and 

final stage of the transmission buffer 24 is supplied to a latch supplied to the AND circuit 60. Output signals of the AND 

circuit 28 and an exclusive-OR (EXOR) circuit 30. The latch circuits 58 and 60 are supplied to an OR circuit 64, and an 

circuit 28 is made up of a D-type flip-flop, for example, and 55 output signal of the OR circuit 64 is output from a terminal 

delays the data by 1 bit before supplying the data to the 66. Hence, when the output signal of the exclusive-OR 

exclusive-OR circuit 30. Hence, with respect to a data D-0 circuit 30 has a value 1, the clock from the terminal 34 is 

output from the stage prior to the final stage of the trans- frequency-multiplied by 2 in the PLL circuit 56 and output 

mission buffer 24, the exclusive-OR circuit 30 generates a from the terminal 66. On the other hand, when the output 

signal which takes a value 1 if a data D-l of 1 bit before and signal of the exclusive-OR circuit 30 has a value 0, the clock 

a data D-2 of 2 bits before are the same and takes a value 0 60 from the terminal 54 is output as it is from the terminal 66. 

if the data D-l and D-2 are different. The output signal of the The terminal 66 of the frequency varying circuit 32 is 

exclusive-OR circuit 30 is supplied to a frequency varying connected to a clock signal line of the serial bus, and the 

circuit 32. In this state, the transceiver 26 outputs the data above described clock is transmitted to the serial bus. 

D-l. FIG. 7 is a circuit diagram showing a second embodiment 

FIG. 4 is a block diagram showing a first embodiment of 65 of the serial bus speed-up circuit according to the present 

the frequency varying circuit 32. In FIG. 4, the frequency invention. In FIG. 7, a device 70 is connected to signal lines 

varying circuit 32 receives a clock from a terminal 34. This of a serial bus, and a data output from a function part 72 of 
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this device 70 to the serial bus is supplied to a transmission 
buffer 74. For example, the transmission buffer 74 is made 
up of a D-type flip-flop, and delays the data by 1 bit. The 
data output from the transmission buffer 74 is supplied to a 
transceiver 76. For example, the transceiver 76 is made up 
of an open-collector npn transistor having a base which 
receives the data from the transmission buffer 74, a collector 
connected to a data signal line of the serial bus for trans- 
ferring the data, and an emitter which is grounded. 

On the other hand, the data to be output from the function 
part 72 to the serial bus is supplied to a latch circuit 78 and 
an AND circuit 80. 

For example, the latch circuit 78 is made up of a D-type 
flip-flop, and delays the data by 1 bit. An output of this latch 
circuit 78 is supplied to an inverting input terminal of the 
AND circuit 80. 

Hence, the AND circuit 80 outputs a high-level signal 
only when a data D-l output from the transceiver 76 at a 
present point in time has a low level and a data D-0 output 
at a next point in time has a high level. 

The output signal of the AND circuit 80 is supplied to a 
gate of an N-channel FET (field effect transistor) 82. A drain 
of the FET 82 is connected to a power supply Vcc via a 
pull-up resistor 84, and a source of the FET 82 is connected 
to the data signal line of the serial bus. For this reason, when 
the data D-l output from the transceiver 76 at the present 
point in time has a low level and the data D-0 output at the 
next point in time has a high level, the FET 80 turns ON and 
connects the pull-up resistor 84 within the device 70 in 
parallel to a pull-up resistor which is connected to the data 
signal line of the serial bus outside the device 70, so as to 
reduce the resistance of the pull-up resistor. As a result, it is 
possible to reduce the data transition time, that is, the rising 
time of the data signal line of the serial bus, to thereby 
increase the data transfer rate. 

FIGS. 8(A) and 8(B) are timing charts showing the clock 
and the data on the serial bus when the circuit shown in FIG. 
7 is used. The data shown in FIG. 8(B) is input at the rise of 
the clock shown in FIG. 8(A). Since the data D-l preceding 
the high-level data D-0 shown in FIG. 8(B) has a low level, 
the pull-up resistor 84 within the device 70 is connected in 
parallel to the pull-up resistor which is connected to the data 
signal line of the serial bus outside the device 70, and the rise 
of the data becomes sharp as indicated by a solid line in FIG. 
8(B). In FIG. 8(B), a broken line indicates the signal 
waveform for a case where the pull-up resistor 84 within the 
device 70 is not connected to the data signal line of the serial 
bus. 

Therefore, by reducing the resistance of the pull-up resis- 
tor of the serial bus when the data output to the serial bus 
makes a transition from the low level to the high level, it is 
possible to reduce the data transition time and to increase the 
data transfer rate. 

The latch circuit 28 and the exclusive-OR circuit 30 
correspond to the data pattern detecting means, and he 
frequency varying circuit 32 corresponds to the clock fre- 
quency varying means. The D-type flip-flop 36 corresponds 
to the frequency -dividing circuit. The AND circuits 38 and 
40 and the OR circuit 44 correspond to the first selector, and 
the PLL circuit 56 corresponds to the frequency-multiplying 
circuit. The AND circuits 58 and 60 and the OR circuit 64 
correspond lo the second selector. In addition, the latch 
circuit 78 and the AND circuit 80 correspond to the data 
transition detecting means, and the FET 82 and the pull-up 
resistor 84 correspond to the clement constant varying 
means. 

Further, the present invention is not limited to these 
embodiments, but various variations and modifications may 
be made without departing from the scope of the present 
invention. 
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What is claimed is: 

1. A serial bus speed-up circuit for increasing a data 
transfer rate of a serial bus which is coupled to a plurality of 
devices and transmits data serially in synchronism with a 
clock using two signal lines, comprising: 

data pattern detecting means for detecting whether or not 
the data output from one of the devices to the serial bus 
consecutively takes the same value; and 

clock frequency varying means for increasing a frequency 
of the clock output to the serial bus when said data 
pattern detecting means detects that the data consecu- 
tively takes the same value. 

2. The serial bus speed-up circuit as claimed in claim 1, 
wherein said clock frequency varying means frequency- 
divides the clock and outputs a frequency divided clock to 
the serial bus when said data pattern detecting means detects 
that the data does not consecutively take the same value. 

3. The serial bus speed-up circuit as claimed in claim 2, 
wherein said clock frequency varying means comprises: 

a frequency-dividing circuit frequency-dividing the clock; 
and 

a first selector selecting and outputting to the serial bus the 
frequency divided clock output from said frequency- 
dividing circuit when said data pattern detecting means 
detects that the data does not consecutively take the 
same value, and selecting and outputting to the serial 
bus the clock when said data pattern detecting means 
detects that the data consecutively takes the same 
value. 

4. The serial bus speed-up circuit as claimed in claim 1, 
wherein said clock frequency varying means frequency- 
multiplies the clock and outputs a frequency multiplied 
clock to the serial bus when said data pattern detecting 
means detects that the data consecutively takes the same 
value. 

5. The serial bus speed-up circuit as claimed in claim 4, 
wherein said clock frequency varying means comprises: 

a frequency-multiplying circuit frequency-multiplying 
the clock; and 

a second selector selecting and outputting to the serial bus 
the frequency multiplied clock output from said 
frequency-multiplying circuit when said data pattern 
detecting means detects that the data consecutively 
takes the same value, and selecting and outputting to 
the serial bus the clock when said data pattern detecting 
means detects that the data does not consecutively take 
the same value. 

6. A serial bus speed-tip circuit for increasing a data 
transfer rate of a serial bus which is coupled to a plurality of 
devices and transmits data serially in synchronism with a 
clock using two signal lines, comprising: 

data transition detecting means for detecting whether or 
not the data output from one of the devices to the serial 
bus makes a transition; and 

element constant varying means, including a circuit 
element, for varying an element constant of the circuit 
element which sets the serial bus that is transmitting the 
data to a predetermined level when said data transition 
detecting means detects the transition of the data. 

7. The serial bus speed-up circuit as claimed in claim 6, 
wherein said data transition detecting means detects a tran- 
sition of the data output to the serial bus from a low level to 
a high level, and said element constant varying means 
decreases a resistance of a pull-up resistor of the serial bus. 
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